In normal operation the three species vary in
INTRODUCTION
Normally one cryogenic distillation column is required for each specified component to be extracted as a product from a distillation column system. Withdrawal of a sidestream, followed by isotopic equilibration at room temperature, and reinjection into the distillation column is a powerfbl technique for reducing the required number of columns and hence reducing tritium inventories with signifcant application to the processing of fusion fuel streams. [ 11 Thus in a H-T system, the species equilibrate to %-HT-T,. In a normal column the distillate stream could be chosen to be either H, or H2+HT. Correspondingly the reboiler product would be constrained to be HT+T, or T,. In either case a significant quantity of tritium in the form of HT must appear as a product. J3T is, in general, a rather undesirable molecule as fusion fuel process systems try to eliminate H-bearing species and drastically reduce the amount of T-bearing species which must be treated as waste concentration from the-bottom to the top of the column,-with the T, concentrating ;at the bottom, the H, concentrating at the top, and the HT peaking somewhere in the center of the column. If a sidestretam is withdrawn from the distillation column at a point where the HT species is near a maximum and passed over a catalyst bed, the isotopic equilibrium,
is effected and the HT molecule is reduced, increasing the H, and T, species which, after reintroduction into the column, will appear at the top and bottom, respectively. Composition profiles are shown in Figs. 1 and 2 for the H,-HD-D, system, without and with sidestream recycle, as predicted by dynamic modeling. Utilizing this approach it is possible to reduce the number of columns required by a factor of as much as two. This will permit a sigmfkant reduction in the inventory of tritium held up in the distillation system as well as the complexity and controllability of the overall system, especially in a full HDT isotope separation system. 
EXPERIMENTAL

A. Experiments with H, and D,
For this research, the %-HD-D, system was chosen for initial study. The first column of the TSTA (Tritium Systems Test Assembly) 4-column cascade was chosen for the tests because it has 84 theoretical stages, 3 alternate feedinjection points, and seven sample withdrawal locations.
[2] The column process piping was modified to permit a stream to be withdrawn from any of the sample taps through a flow control valve, equilibrated over a precious metal catalyst bed at ambient temperature, and pumped back into any other sample tap. Fig. 3 shows the column layout schematically.
The column was cooled to ca. 20K and filled with 14.2 moles of a hydrogen isotopic mixture with the composition H:D=2: 1. Approximately 0.002% of T2 was eluted from the walls of the system during the course of the measurements, but this had no significant effect on the performance of the system. Tritium appeared as HT or DT in the top and bottom products.
After a period at total reflux, the top and bottom streams were withdrawn at rates of ca. 2971 and 66 sccm (-2%) respectively, recombined and re-injected into the main feed at a rate of ca. 3037 sccm. The reflux ratio was 8. During this time the composition of the various streams were determined by in-situ Raman spectrometq. Raman analyses were taken every two minutes, each observation being the average of 100 I-second scans. After a period of several hours, when the composition had reached a steady state, sidestream recycle was initiated at the rate of 1008 sccm using the withdrawal and reinjection stages illustrated in Fig.  2 . . Fig. 4 shows the dynamics observed during a several hour period of Raman measurements of the reboiler (bottom) stream composition with data points taken every minute. The flows chosen are similar to those which might be expected in a system designed to recover T, from an H-T breedingblanket system. After the data in Fig. 4 was obtained, the sidestream recycle flow was stopped and the system allowed to return to normal 1-column operation. A portion of the data taken every 2 minutes over an 8-hour period are shown in Fig. 5 .
Following the return to steady state, sidestream recycle was again started. This time the reboiler flow was 128 sccm (-4%) and the sidestream recycle flow was 1999 sccm. The dynamics were followed for a period of several hours taking Raman spectra of the reboiler stream every 2 
